This study explores the determinants of health status and the effects of the air and noise pollution on health status in Turkey during the period 2006-2012. The additional costs associated with their impact on health status are estimated. A pseudo panel data created based on age and region cohorts and two and three stage least squares instrumental variables approaches are followed using wind direction and regional complaint rates on air and noise pollution as instruments. Based on the favoured estimates the additional costs for individuals who reported problems with air and noise pollution are 20.00-25.00 Turkish Liras (TL) per month 1 . indicate significance at 1%, 5% and 10% level. Columns (1) and (5) refer to total sample, (2) and (6) to non-mover sample, (3) and (7) to movers for environmental reasons, (4) and (8) to movers for other reasons, while (9) refer to non movers sample when both air and noise pollution are included into the regressions
Introduction
Noise and air pollution and its influence on the environment, health and life quality of human beings has become a major topic in scientific research. Air pollution leads to worst health outcomes and increased death probability (Currie and Neidell, 2005) . Noise is another environmental pollutant which has been increased due the expansion of industrial activities, motorway traffic in the city centres and noise from airport are usual daily phenomena and part of the modern life (Okuguchi et al., 2002; Griefahn, 2002) . Noise pollution affects the human health physically and psychologically. In the last century, and especially in the last 50 years, a huge movement of population to greater cities took place. This phenomenon disordered the planned city development and also led to huge increase of traffic volume which resulted in production of high levels on noise pollution and created other environmental problem, such as air pollution.
The aim of this study is to explore the relationship of self-reported air and noise pollution, including other determinants, with self-reported health status and chronic illnesses. The analysis uses detailed micro-level data, derived from the cross sectional Income and Living Conditions Survey (ILCS) in Turkey during the period 2006-2012. Then, the additional costs of air and noise pollution on health status are calculated.
In the analysis the population of interest is the non-movers sample-those who have not changed location and residence, in order to limit the endogeneity because the decision to move may be correlated to air and noise pollution level. However, also instrumental variables using two stage and three stage least squares are applied.
The paper is organized as follows. Section 2 presents a short literature review. Section 3 describes the theoretical and econometric framework. In section 4 the data and the research sample design are provided. In section 5 the results are reported, while in section 6 the concluding remarks are presented.
Literature Review
In this section previous studies of the air and noise pollution effects on health are presented.
The association between health and air pollution has long been studied, especially in the epidemiology. One of the first studies is by Dockery et al. (1993) found a significant association between air pollution and mortality from cancer and cardiopulmonary disease. Since then many epidemiological studies explored the effects of the air pollution on health outcomes. These studies found various associations between air pollutants and physiological functions and clinical symptoms, including premature births and deaths, stroke, brain injury and asthma among others (Naeher et al., 1999; Laden et al., 2000; Janssen et al., 2002; O'Neill et al., 2004; Preutthipan et al., 2004) .
Previous studies have been carried out to determine the noise pollution level especially in major cities in Turkey, which has been recognized as an important risk factor of health and well-being (Yilmaz and Ozer 2005; Doygun et al., 2008; Ozyonar and Peker, 2008; Erdogan and Yazgan, 2009; Ozer et al., 2009; Sisman and Unver 2011) . However, the aim of these studies the examination of the adverse health effects of noise pollution and not the estimation WTP. Tanrıvermiş (1998) examined the WTP in Turkey using data for Cankaya district in Ankara. The reason of using the specific district based on the author's arguments is that it represents the socio-economic characteristics of Ankara province. Tanrıvermiş (1998) collected data form surveys on 564 households and 2,220 industrial firms and the WTP questions were related to consumer and producer preferences about environmental taxes and charges. The findings show that both consumers and producers are not willing to pay for additional taxes or charges for environmental quality improvement because the majority of the respondents argued that government makes an inefficient usage of its revenues for these purposes. Tekeşin and Shihomi (2014) examined the WTP for mortality risk reduction from four causes -lung cancer, other type of cancer, respiratory disease, traffic accident-are estimated using random parameter logit model with data from choice experiment for the Afsin-Elbistan, Kutahya-Tavsanli, Ankar regions in Turkey. The value of statistical life (VSL) has been found to be ranging between 0.35-0.56 million adjusted in 2012 US dollars (USD).
This study tries to add to the previous literature review by estimating the additional costs of the air and noise pollution impact on health status, which has not yet explored in Turkey using a detailed micro-level data survey.
Methodology

Theoretical Framework
One of the first simple theoretical models examining the effects of air pollution on health has been proposed by Gerking and Stanley (1986) . However, we extend the model by including also leisure. The utility function is:
, where X is a bundle of consumption goods, L is leisure and H is the Health status. Health is produced by the individual via the following health production function:
The inputs to health production include a vector of medical treatment -care M , vector E includes environmental factors as air pollution and noise pollution, while A denotes the averting behaviour, where in the case examined is defined by the residential mobility and the moving status of the respondent. From (2) is derived that H(HM>0, HE<0 and HA>0), the term HE is negative as air pollution has negative effects on health. In this study both general health status and whether the respondent suffers from a chronic illness are examined. For this reason the health production function (2) becomes:
, where (3) shows that medical care M depends on diseases I, while air, noise pollution and avoidance behaviour determine these diseases. The person also faces a budget constraint:
, where w is the wage, N is the non-labour income, T is the total time endowment, PX and PM denote the prices for X and M respectively. By combining the two constraints into a full-budget constraint, it is obvious that the cost of health production is the monetary price of health care inputs and the opportunity cost of the time used to produce health. The individual maximizes a utility function subject to a health production function and a full-budget constraint. Also wage is a function of health and labour productivity is increased with health at decreasing rate. The Lagrangian function is as follows:
The first order conditions are: L  T  A  I  I  H  A  I  I  M  M  H  H  w  P   A  I  I  H  A  I  I  M  M  H  H 
Equations (6a)-(6b) show the trade-off between leisure and labour. Taking the total derivative of (3) it will be:
Relation (7) shows that pollution depends on two components. The expression in the first parenthesis shows how health diseases are translated in poor health status. The first term (∂H/∂M)(∂M/∂I) shows the negative effects of pollution on health and the medical care treatment necessary for it. The second term (∂H/∂I) shows the health diseases caused by air pollution, which are untreated or the individuals ignore treatment. The expression in the second parenthesis shows the relationship between air pollution and health status or illness. The first term (∂I/∂E) indicates the effects of air pollution on health diseases, while the second term (∂I/∂A)(∂A/∂E) show the role of the avoidance behaviour to avert bad health or illness by limiting contact with noise and air pollution. This is captured by considering movers and nonmovers sample. This basic model can serve as a guide for policy makers. Denoting the costs of regulation PR necessary to reduce the negative impacts of pollution should be equal to:
, where the first term on the right hand side of relation (8) reflects the impact of pollution on wage, the second term show the direct disutility from pollution, the third term the medical treatment-care expenditures driven by pollution and the last term expresses the avoidance costs.
The second term is estimated through the econometric modeling discussed in the next section.
Furthermore, in this study the first term is used to estimate the effects of individuals with poor health on wage.
Econometric Framework
Ordered Probit Cross-Sectional Data
The first part of this section describes the methodology applied for the health status. The following model of health status for individual i, in region j at time t is estimated: HSi,j,t is the health status. ej,t is the self-reported environmental variable. More specifically, two self-reported variables are examined. The first variable is noise pollution coming from car traffic, trains, airplanes, factories, neighbours and bar-restaurants and discos. The second is the self-reported air pollution variable which includes, fine dust, ozone, grime and fume. The selfreported answers are binary yes and no. log(yi,t) denotes the logarithm of household income and z is a vector of household and demographic factors, discussed in the next section. Set lj is controls for region, 12 regions particularly presented in the data part, and θt is a time-specific vector of indicators for the year, while ljT is a set of area-specific time trends. Finally, εi,j,t expresses the error term which we assume to be iid. Standard errors are clustered at the areaspecific time trends.
Pseudo Panel Fixed Effects Models
In the case examined the Income and Living Conditions Survey (ILCS) of Turkey is based on repeated cross-sectional, where a random sample is taken from the population at consecutive points in time as it is described in data section. One important limitation of the cross-section data is that it is impossible to follow the same individual over the time and thus do not allow for fixed effects estimates. On the other hand, cross-section data do not present the common problems of panel data such as non-response and attrition.
Previous studies used repeated cross-sectional data into a pseudo panel data framework.
One approach followed by Deaton (1985) is to group into cohorts, those individuals, who share some common characteristics, usually the year of birth. Then averages within the cohorts are treated as observations in a pseudo panel and model (9) can be written as:
Based on the ILCS design the cohort used in this study consists respondent belonging in the same age group and same location area and having the same sex. The resulting data set is a pseudo panel or synthetic panel with repeated observations over T periods and C cohorts. The main problem with estimating beta coefficients from (10) is that āct depends on t, is unobserved, and is likely to be correlated with the other covariates. Therefore, treating āct as part of the random error term is likely to lead to inconsistent estimators. In this case, āct is treated as fixed unknown parameters using fixed effects. Model (10) in a panel framework can be estimated by Ordered Logit and Probit random effects. Since these models so not allow for fixed effects estimations, alternative econometric methods are applied. The first approach is the adapted Probit OLS proposed by van Praag and Ferrer-i-Carbonell (2004) where the dependent ordinal variable is converted in continuous variable assigning z-scores. Van Praag and Ferrer-i-Carbonell (2004; 2006) show in several applications that Probit OLS can be identical to the ordered probit analysis (see Van Praag and Ferrer-i-Carbonell, 2004 for more details on the approach).
The second approach is the "Blow-Up and Cluster" (BUC) estimator proposed by Baetschmann et al. (2014) . Another estimator is the FCF developed by developed by Ferrer-i-Carbonell and Frijters (2004); however, Baetschmann et al. (2014) provide reasons that, in general, FCF estimator is inconsistent as the way that by choosing the cutoff point based on the outcome, produces a form of endogeneity, as well as it uses only individuals who move across the cut-off point resulting in a large loss of data leading to measurement errors as they may well become a large source of residual variation (Ferrer-i-Carbonell and Frijters, 2004) . Therefore, the BUC estimator is also applied in this study (see Baetschmann et al., 2014 for technical details and working example). The BUC method performs similarly well and even outperforms the FCF estimator if the number of categories on the ordered scale is large. However, linear fixed effects model in some cases can deliver essentially the same results as the more elaborate binary recoding schemes, as the results section presents.
Having pseudo-panel data allows us to identify the model within cohorts rather than between cohorts, reducing in this way the possible endogeneity bias in the estimates since regional related unobservable characteristics can be correlated with the pollution and health status. Thus, using fixed effects these unobservable characteristics are eliminated. To further limit endogeneity issue coming from residential mobility the population of interest is limited to non-movers, which allows us to capture unobservable characteristics of the region that may be correlated with pollution and health status that are fixed over time. Non-mover status is to be preferred, since this indicates whether the individual has moved in comparison with its location at the last 5 years.
Two Stage and Three Stages Least Squares
In this study two and three stage leas square estimates take place. The main reasons why an instrument variable approach might be necessary is because the endogeneity coming from plausible reverse causality between self-reported air and noise pollution and health status or by omitted variables might be an issue. Even though, the sample is restricted to non-movers in order to limit endogeneity, which comes from residential mobility, or by using fixed effects to account for omitted variables, an instrumental variable approach is followed. Another issue is that the endogeneity may arise because of the subjective rating or self-reporting; thus regional air and noise pollution complaint rate is used as a candidate instrument variable. Moreover, wind direction is used as an additional instrument. It is well known that air and noise pollution are correlated with wind direction; however wind direction might have indirect effects on health status through air and noise pollution. Moreover, while the remained weather conditions, such as sunny days, temperature and wind speed associated with low temperature can be observed at local or small area and there is there is adequate information for them. Thus, people can move in order to choose or to avoid places with bad weather conditions. However, wind direction is a regional phenomenon and there is not enough information or observation about it.
In parallel with the two stage least squares, three stage least squares are applied too. In the case examined in this study separate regressions for noise and for air pollution are estimated. Furthermore, regressions including both self-reported pollutants are taking place as well; but since the air and noise pollution are correlated it might be difficult to disentangle their effects.
Therefore, as a number of equations are to be estimated simultaneously and a problem with endogeneity might be existed, for the reasons mentioned above, a three-stage least square approach will be used. Three-stage least square is a combination of seemingly unrelated regression developed by Zellner (1962) and two-stage regression with instrument variables (Zellner and Theil, 1962) . In a multiple equation system, like in the case examined in this study,
where the same data set is used, the independent variables differ between the equations, the errors may be correlated between the equations. Therefore, three-stage least squares may be more efficient (Madansky, 1964; Belsley, 1988; Greene, 2008) . In the case that self-reported air and noise pollution are endogenous simple OLS regression will produce spurious estimates.
In the case where self-reported air and noise pollution are endogenous, ordinary least square regression or seemingly unrelated regression may produce spurious results; thus, using the instrumental variable approach may avoid this bias if the instrument variables are valid (Murray, 2006) . The instrument for individual subjective ratings on air and noise pollution problems are constructed by taking the average complaint rates on NUT 1 level finding evidence of a downward bias, indicating that the marginal willingness to pay for improvements may be is underestimated.
Wind direction can be used as an instrument, because it is correlated with noise and air pollution, while it may have an indirect impact on health. The effects of wind direction differ in rural and urban areas, where in the former areas is mainly generated by farming equipment, while in the latter areas is it produced mainly by road traffic and human sources. (Aecom, 2011; Ovenden et al., 2011; Fraser and Eng, 2012) . While wind direction has no direct effects on heath the rest of the weather factors have been found to be directly associated with health outcomes, including temperature, wind speed and humidity. Thus, these weather factors are not taken as instruments, but are considered as additional controls in robustness checks. Following the previous literature (Gerking and Stanley, 1986; Chay and Greenstone (2003a, 2003b; Luechinger, 2009) per cent, while the movers for environmental or other reasons, presented in panels C and D, report slightly higher proportions of very good and good health, as well as, lower proportions of bad and very bad health.
Data
In table 2 the correlation matrix between household income, self-reported air and noise pollution problems, the dummy whether an individual suffers from a chronic disease and the self-reported ordered health status variable is presented. From table 2 the correlation between household income and health status is negative indicating that the higher income is associated with better health status, given that health status is very good for 1 and very bad for 5. Similarly, the association between income and suffering from a chronic disease is negative. Noise and air pollution are associated positively with poor health status and the probability that an individual will report that he/she suffers from chronic disease. Chronic disease self-report is positively correlated with poor health status, while income is positively associated with air and noise pollution, probably indicating that individuals with higher income are located in more polluted areas as urban areas.
In addition, the correlation between temperature and health status is -0.0151, while between temperature and chronic illness is -0.0116. Similarly the correlation of wind speed with health status and chronic illness is 0.0037 and 0.0034 respectively, while the respective values for humidity are 0.0072 and 0.0025. These results are reported as an additional regression using weather data for non-movers sample takes place.
(Tables 1-2 around here)
Empirical Results
In this section the estimation results are presented and discussed. Equation (10) Income has a negative sign indicating that the higher income is associated with higher-better levels of health outcome. Richer people who are better educated have better health status levels than poorer, who are usually less-educated people. In addition people with higher income have access to better quality of housing, schooling, and nutrition (Deaton, 2001) .
The role of education in health status is key determinants of health and living standards. Regarding household type the results are mixed. Another possible factor could be used in this case is the household size, or number of children. However, the former factor allows us to examined more detailed the effects and structure of a household, rather than taking only the size. More specifically, from table 3 it becomes clear that a couple younger than 65 years old with no dependent children and are healthier than a household which is consisted only by a single person. Similarly a household, which is consisted by two adults with one or two dependent children, present higher levels of health status than single individuals. These findings are also captured by the marital status. On the other hand, a household, which is consisted by two adults with no dependent children, but at least one of them is older than 65 years old, are less healthy than single persons, which reflects the old age of those persons, as in the case of widowed and retired people. Previous studies show evidence on the protective and beneficial role of family size and support to individuals' health outcomes (Aldwin and Greenberger, 1987; Doornbos, 2001) . Therefore, household type and support can be proxies to home health care indicating this type of care may substitute the medical care obtained in the market which improves individuals' health leaving in supporting and big families.
Generally, the results overall show that education is perhaps the most basic socio-economic status (SES) component. This can be explained by the fact that education determines and shapes future labour market opportunities and earning potentials. Moreover, education provides knowledge and life skills that allow persons to gain more access to information and resources to health services and care. The general findings so far are consistent with other studies (Benzeval et al., 2000; Prus, 2001; Robert and Li 2001; Deaton, 2001; Beckett and Elliott, 2002; Bostean, 2010) .
The rest of the factors have small or insignificant effects on health. More specifically, house tenure is insignificant, with the exception the movers for other reasons sample where the tenants have lower health level than the owners. This reflects two things; the owners are either individuals with higher income or are supported by the household. The rest of the determinants examined is the indoor flushing toilet and piped water in the dwelling and the type of fuel used for healing. This is the first study which explores these factors, which based on the estimate are important determinants of health status. Table 3 shows that whether there is indoor flushing toilet for sole use of the household or shared has no different impact on health; however, the individuals who answered that there is no indoor flushing toilet and no piped water in the dwelling have lower health status levels. Finally, the type of fuel used for heating in the dwelling is important for the health status. More specifically, either using wood or coal has no difference on health; however using natural gas, fuel-oil and electricity has more positive effects on individuals' health status than coal or wood. In addition, when dried cow dung is used as fuel for heating has significant negative effects on health status. Therefore, individuals who moved because of environmental or other reasons evaluate more the air pollution than noise, while the additional costs for non-movers sample are similar with those derived using the total sample. This can be explained by the fact that 76 per cent of the survey is non-movers.
( Table 3 around 
here)
The next tables 4-6 present different econometric models for the health status and the analysis is restricted to non-movers in order to limit possibly endogeneity. In table 4 the estimates using panel ordered Logit and BUC estimates are reported. The results confirm the findings described previously for the table 3 and the adapted Probit fixed effects estimates. The coefficients have the same sign, while the magnitude is higher as these methods use the Logit approach where the coefficients are roughly 4 times higher than the coefficients derived from the linear regression. Moreover, the additional costs in table 3 are very similar with those in table 4 discussed previously.
In tables 5-6 the results for the two and three stage least squares respectively are reported.
The sign and the impact of the various determinants on health is similar with the previous results confirming the estimates and the importance of each factor on health. However, the additional costs in tables 5-6 are higher. More specifically, regarding the two stage least squares estimates the self-reported air and noise pollution problems are considered as exogenous are still higher than the fixed effects model and the individuals face additional costs equal at 19.21 TL and 12.66 TL per month than the individuals who do not report any complain or problem with air and noise pollution. However, the additional costs, using three stage least squares, are slightly lower than those calculated based on the two stage least squares. Nevertheless, as it has been discussed in the methodology section, the former approach can be more robust for two reasons.
Firstly, it is not precise to calculate additional costs and to disentangle the effects of air and noise pollution when both self-reported complains about environment are used in the regression. Secondly, there is a strong possibility that the error term between the two equations, one for each pollution question, is correlated therefore the three stage least squares method is more appropriate in this case. Generally, in rural areas the air and noise pollution has significant effects too. This can be explained by the fact that modern farms using noise equipment has replaced the old-fashioned farming type (Aecom, 2011; Ovenden et al., 2011) . Also one major source of noise is traffic which comes especially from freeways, but it is also dominated in the centres of big cities. In any case since noise depends on the wind direction and speed, one plausible action of reducing the noise pollution is the construction of noise barriers next to the freeways.
(Tables 4-6 around here)
The next step is to present the results for chronic illnesses. More specifically, the results regarding the effects of income and air-noise pollution on chronic illness probability occurrence are reported in the exclusion of private services is assumed, which is not the main scope of the study but these calculation are suggested for future research. However, the assumption of 3 hours replacing PM is taken here as an example, which included the transportation time and list queuing time for visiting a practitioner. Therefore, the third term is equal 3.9 and 4.5 less working hours for individuals with poor health status relatively to those with good health status.
Finally, the first term of equation (8) Therefore a new approach is needed in policy circles that would reconsider the benefit side of the cost-benefit analysis. Traditionally, these calibrations emphasize economic efficiency or possibly social justice, but they often leave out the health-promoting, and potentially costsaving, prospects of policies that improve education or equalize resources. Finally, the results confirm the proposal by International Energy Agency (2010), which suggests that Turkey should promote fuel switching from high-sulphur lignite and coal to natural gas.
However, there are some drawbacks in this study. Firstly, the econometric methods applied as well as the relationship between health, pollution and other socioeconomic and demographic factors, seemingly require the availability of panel data. Therefore, one of the most important limitations the repeated cross-sectional data is that it is impossible to follow the same individuals across the time period examined. Nevertheless, repeated cross-sectional data suffer less from the typical problems of non-response and attrition presented in the panel data surveys.
These problems can be significantly larger with increases in the number of units i.e. individuals, households or firms.
Moreover, there is additional information on whether the individuals or household have changed address during the last five years limiting in this way the endogeneity problem and examining different samples based on their moving status. Finally, another very important factor which is the main consideration in the epidemiological studies is the "unobservable" characteristics of the individuals, which are inherited at birth or genetic and that may influence the health outcomes. Ignoring these characteristics the association between income and health might not represent the true relationship. However, it is very difficult or even impossible to find appropriate variables or measures to use them as proxies for such characteristics including this survey.
Furthermore, other approaches such as Generalized Ordered Probit or Logit Latent Class models can be applied in order to account for slope heterogeneity, while robustness checks for various groups, such as income classes, rural versus urban areas can take place.
Conclusions
This study has used a set of repeated cross sectional and pseudo panel micro-data on selfreported health status, chronic illness and air-noise pollution from the Income and Living
Conditions Survey in Turkey. Various econometric approaches have been applied for robustness checks. The results showed that the additional costs for the individual who report a problem on air and noise pollution are higher by 22-25 TL per month than the individuals who did not report. In addition, most of the determinants examined in this study have significant effects on health status, with education to be the most important one followed by job status, marital status, house size and household type. House tenure shows no significant effects on health, while this study examines additional determinants than other studies, such as piped water, indoor flushing toilet and type of fuel for heating effects on health. Moreover, various cases have been examined in, as the urban versus rural areas, gender and age groups. Finally, the costs effects of air and noise pollution on wage and working hours lost because of illness have been examined. 
